Objective: To confirm the safety of a new experimental Tampax  tampon and applicator compared with that of a currently marketed Tampax  tampon and applicator using comprehensive gynecological and microbiological assessments. Methods: A 2-month, single-blind, randomized, crossover study was conducted in which each subject served as her own control. Safety was evaluated by comparing potential product-related irritation (using colposcopic examination and subject diary data), assessment of vaginal discharge, vaginal pH, and effects on selected microorganisms (yeast, Escherichia coli, Staphylococcus aureus and group B streptococci) obtained by vaginal swab cultures after normal menstrual use in the experimental and control groups. Results: In total, 110 women completed the study. There were no significant differences between the groups that used either the experimental or control tampon with regard to prevalence or mean cell density for the selected microorganisms. No differences were observed in the incidence or severity of erythema, in abrasion or ulceration of the cervix, vagina, introitus, vulva or perineum, or in mean vaginal pH and discharge assessments. There were equivalent low incidences of reported symptoms such as discomfort during insertion, wear or removal, and a similar low incidence of burning, stinging or itching during use of either the control or experimental tampon. There was a more favorable overall product rating for the experimental tampon (p = 0.003).
Tampons have been used for over 60 years as an internal method of absorbing menstrual flow. In the USA, tampons are regulated as a class-II medical device by the Food and Drug Administration (FDA), thus requiring FDA approval prior to marketing. Currently marketed tampons are composed of absorbents consisting of 100% cotton, 100% rayon, or blends of cotton and rayon. They are manufactured with or without an overwrap, and may be provided with a cardboard or plastic applicator for inserting the tampon into the vagina. Design and material changes to a currently marketed product that result in a significant change in function, or that may have a potential effect on safety, must be approved by the FDA. Therefore it is the responsibility of the tampon manufacturer to provide performance-and safety-related data to support the introduction of a new tampon to the market. A clinical safety-in-use study was conducted as part of a broader program which includes safety assessment of tampon raw materials, in-vitro toxic shock syndrome toxin-1 expression and vaginal microflora analyses 1 . The objective of this study was to compare a new tampon design with that of a tampon that has an established history of use by millions of women. Although clinical studies that assess the effects of tampon wear have been reported since 1942 2 , there are no published studies that combine gynecological, microbiological and diary recall methodologies to assess in more detail safetyrelated end points associated with tampon use. The methods outlined in this study include evaluation of the condition of the lower genital tract tissues by colposcopy, and analysis of the prevalence of selected microorganisms. Previous experience in clinical studies indicates that a questionnaire completed by the subjects after product use effectively detects product-related sensations of burning, stinging and irritation (unpublished data). Questionnaires are widely used in medical surveillance and product evaluation, and have been found to be a valid and reliable method for subjective assessment of clinical symptoms [3] [4] [5] .
SUBJECTS AND METHODS

Subjects
Healthy adult volunteers (aged 18-45 years) who normally used super-absorbency (9-12 g) tampons and had regular monthly menstrual cycles were recruited for the study and provided their signed informed consent. Potential subjects were evaluated by medical history, physical examination, and colposcopic and microbiology examinations for assessment of exclusion criteria. Specific exclusionary provisions included current or recent antibiotic or anti-inflammatory drug and/or steroid use, active vaginal or urogenital infection, and a history of herpes, toxic shock syndrome or any medical condition that might compromise immune-system functions. Subjects were eligible for entry to the study if they were deemed to be healthy by the principal investigator and if they met the inclusion criteria.
Study products
Two Tampax  (Procter & Gamble Company, Cincinnati, OH) super-absorbency (9-12 g) tampon products were examined (Figure 1 ). The experimental product was a newly designed chevron-shaped pad with absorbent material knitted into the cord at the base of the pad. The experimental tampon components consisted of an absorbent pad made of cotton and rayon, a polyethylene and polypropylene overwrap, cotton stitching thread, cotton removal cord and a blue pearlescent plastic (polyethylene) applicator. The control product was a currently marketed superabsorbency Tampax  product consisting of a blended cotton and rayon fiber tampon with a non-woven rayon overwrap, cotton stitching thread and removal cord, and a flushable cardboard applicator. For women who required backup menstrual protection, Always 
Study design
This study had a randomized, controlled, crossover design and ran over two consecutive menstrual cycles. Subjects used the experimental tampon one month and the control product the other month, with the order of use (experimental/control or control/experimental) randomly assigned. The tampons were provided in plain coded wrappers. The number of products worn was left to the discretion of the subjects, who were instructed to insert, wear and withdraw the study tampons as they normally would, but not to wear two tampons at a time. The study design was approved by an Institutional Review Board prior to the beginning of the study.
The study subjects were also randomly assigned to one of two procedural groups, namely for microbiology or colposcopy. Study data were collected at visits 1 and 2, either during or following the subjects' menstrual cycles. Each subject kept a tampon-use diary and completed monthly comfort and product experience questionnaires. Table 1 summarizes the schedule of events.
Examinations and laboratory tests
Microbiology assessments
Samples were collected for microbiological analysis from the randomly assigned microbiology group subjects during day 3 or 4 of each of their menstrual cycles (visits 1 and 2). Vaginal swab samples were collected separately from the introitus and from the fornix near the cervix and were examined for selected microbial species (Escherichia coli, yeast species, Staphylococcus aureus and group B streptococci). E. coli was selected as an indicator of potential colonization from the lower gastrointestinal tract. Yeast species, S. aureus and group B streptococci represent endogenous flora of potential pathological significance 6 . Preweighed sterile Dacron swabs (Copan Italia, Brescia, Italy) were used for collection, with care taken to avoid contact with surfaces other than those designated for sampling. Samples were collected and then immediately plated, refrigerated and either analyzed on site or transported within 3 hours of collection to an additional laboratory for analysis. The media and methods used for isolation and identification were as follows.
Swabs were weighed before sampling and after sampling but prior to dilution and plating. After sampling, swabs were immediately placed in 5 ml of phosphate-buffered saline (PBS), mixed on a vortex for 10 seconds and plated on media as described below. 
Colposcopy examination
Colposcopic examination was performed on the randomly assigned colposcopy group subjects 24-48 hours after the use of the last tampon following each of their two study menstrual cycles (visits 1 and 2). The examination was performed in accordance with World Health Organization standards for colposcopic examination using a Leisegang Model 3-B colposcope (Berlin, Germany), and included visual examination of the perineum, vulva, introitus, vaginal walls, vaginal fornices and cervix 7 . For each location, the examiner noted the presence or absence of ulceration (defined as a tear in the epithelium, with a sharp area of demarcation), abrasion (defined as partially disrupted epithelium, with a diffuse area of demarcation) and/or erythema (defined as a vascular prominence noted on colposcopy, or obvious redness on gross inspection) 7 . Ulceration and abrasion were noted as being either present or absent, while erythema was rated on a four-point scale, where 0 = none, 1 = mild, 2 = moderate and 3 = severe.
Gynecological assessment
Vaginal pH and vaginal discharge were assessed at the subjects' regular study visits 1 and 2. pH was measured using pH strips designed for measuring in the range 3.6-6.1 (JT Baker, Phillipsberg, NJ), and vaginal discharge was assessed as either normal or abnormal. If it was abnormal, vaginal discharge was assessed for color (white, gray, yellow, brown, red, green or other) and consistency (flocculent, menstruating, homogeneous, frothy, cheesy or other).
Diary and questionnaire assessments
Information on the subjects' experience with the two study products was collected using a tampon use diary and a monthly comfort questionnaire, both of which were completed during or following each month of testing.
A tampon use diary sheet was completed for each study product used and was returned monthly following each period. Subjects were instructed to record the time of insertion and removal of each tampon, and to note any menstrual or vaginal symptoms (burning, stinging or itching sensation, cramping, tampon slipping down or out, or feeling that it was not properly in place). Subjects rated the product for overall comfort (very comfortable/comfortable/neither comfortable nor uncomfortable/uncomfortable/very uncomfortable) and noted any discomfort that was experienced while inserting, wearing or removing the tampon.
The monthly comfort questionnaire was completed at the end of each cycle. Subjects rated their study product overall (excellent/very good/good/fair/poor) and rated the comfort level (very comfortable/comfortable/neither comfortable nor uncomfortable/uncomfortable/very uncomfortable) of their study tampon. Space for additional comments was also provided.
Statistical analyses
Summary statistics and 95% confidence intervals were generated for all parameters. All comparisons were conducted at the 0.05 significance level. To increase the power of detection of safety concerns relating to the test tampon, comparisons of certain parameters (e.g. microbial counts, erythema) were performed at the one-sided level. Comparisons of other parameters (e.g. vaginal pH and color assessments) were performed at the two-sided level.
For continuous parameters (e.g. microbial counts converted to log 10 CFU/g and vaginal pH), experimental vs. control means were compared using the following two-period crossover analysis method.
For each subject, the treatment difference (experimental value minus control value) and visit difference (visit 2 value minus visit 1 value) were derived. The two-sample t-test, with treatment sequence as the factor, was performed on the treatment differences. If the result (a test for equal-period effect) was not statistically significant, then the null hypothesis was tested by applying the paired t test to the treatment differences. If the result for period effect was statistically significant, then the null hypothesis was tested by applying the two-sample t-test (with treatment sequence as the factor) to the visit differences. If parametric assumptions were not met, then the Wilcoxon rank-sum test and signed-rank test were performed.
For categorical data (e.g. microbiology data prevalence defined as the percentage of subjects with detectable CFU values, the percentage of subjects with erythema, the distributions of individual erythema scores, the percentage of subjects with positive abrasion and ulceration findings, the percentage of subjects with normal/abnormal vaginal discharge assessments and distributions of color/consistency), experimental versus control values were analyzed by means of stratified Cochran-Mantel-Haenszel tests.
RESULTS
A total of 224 subjects were recruited and evaluated for inclusion and exclusion criteria. Of these, 53 subjects were dropped from the study before product use due to non-compliance with the protocol, or because they were ineligible according to the exclusion criteria. Thus a total of 171 subjects entered the product-use phase of the study. Of the 171 menstruating women who enrolled in the study and entered the product-use phase, 141 women completed the study (39 women in the microbiology group and 102 women in the colposcopy group). Of the 39 microbiology subjects who completed visit 2, five were not evaluable for the statistical analyses with microbial end points due to non-compliance with the protocol. Of the 102 colposcopy subjects who completed visit 2, 26 women were not evaluable for the statistical analyses of vaginal condition due to non-compliance with the protocol. No subjects dropped out because of a product-related adverse event.
The subjects had an average age of approximately 34 years (range 19-45 years). Most were Caucasian (94%), and the remainder were Hispanic or Asian. There were no statistically significant differences in tampon wear time between the control and experimental products ( Table 2 ). The average wear time for subjects in the microbiology group was 5.1 hours for both control and experimental tampons. The average wear time for those in the colposcopy group was 5.4 and 5.5 hours for control and experimental tampons, Table 2 Average tampon weartime (WT) and daily number of tampons used per subject respectively. Both control and experimental tampons were worn for ≤ 8.2 hours by the majority (95%) of subjects (data not shown).
Microbiology results
Microbiology data were compiled and analyzed for 34 subjects who completed the study in compliance with the protocol. The prevalence of microorganisms detected at each sampling site (the cervix and introitus) for both products is summarized in Table 3 . All yeasts present were identified as C. albicans. The prevalence of all assessed organisms was statistically similar (p ≥ 0.159) for the control and experimental legs of the study (data not shown). Overall, the prevalence of the examined organisms was generally low, the highest prevalence being found for group B streptococci and S. aureus (up to 18% of subjects at either examined site). E. coli and C. albicans were identified in 9% and 6% of subjects at the cervix and introitus, respectively. The mean counts of examined organisms were similarly low, with mean log 10 counts ranging from 0.1 to 1.1, and no statistically significant differences (p ≥ 0.50) were found in the mean counts between the experimental and control legs at either the cervix or the introitus for any organism evaluated (data not shown).
Colposcopy results
Colposcopy results were compiled and analyzed for 76 subjects who completed the study in compliance with the protocol. Table 4 summarizes the incidence of erythema, abrasion and ulceration at each individual examined anatomical site and the overall (i.e. at any examined site). It can be seen that the incidence of erythema was statistically similar between the experimental and control study legs (p ≥ 0.197), and ranged from 41% to 99% and 36% to 100% during the experimental and control legs, respectively. The vast majority of erythema seen at any site was either mild or moderate (score = 1 or 2). Severe erythema was seen in only two subjects (2.6%) at two sites (cervical ectopy and vulva) in both the experimental and control legs, respectively. No severe erythema was seen in the other four anatomical sites that were examined (squamous mucosa, upper vagina, mid/low vagina and introitus) (data not shown).
Similarly, no statistically significant difference was found in the incidence of abrasion (p ≥ 0.841) or ulceration (p = 0.921) between experimental and control product use. No incidence of abrasion or ulceration was seen at any site while the experimental product was being used. After use of the control product at visit 1, abrasion was observed in two subjects at each of two sites (middle/lower
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Shehin et al. Table 3 Prevalence and cell density of microorganisms in positive cases vagina and upper vagina), and the same two subjects had ulcerations at the same two sites (incidence ≤ 3%). No medical follow-up was necessary in either of these cases. At visit 2, the results of the colposcopic examination showed no abrasion or ulceration in these subjects.
• INFECTIOUS DISEASES IN OBSTETRICS AND GYNECOLOGY
Gynecological results
Vaginal pH and discharge data were analyzed for a smaller number of subjects than the other study parameters, due to lack of usable data. In total, vaginal pH was analyzed for 10 microbiology group subjects and 60 colposcopy group subjects, and the results are summarized in Table 4 Erythema, abrasion and ulceration incidence in colposcopy procedural group (n = 76) colposcopy subjects (p = 0.673), respectively. For those microbiology subjects who were rated as 'non-normal,' the only color noted was 'red' and the only consistency noted was 'menstruating' (microbiology subjects were examined during their menstrual periods). Among the colposcopy subjects with discharge who were rated as 'non-normal,' the consistency assessment was either 'menstruating' or 'homogenous,' and was not significantly different between the experimental and control legs (p = 0.549). No color assessments were noted for colposcopy group cases with non-normal vaginal discharge.
Diary and questionnaire results
Product acceptance was assessed using a monthly product questionnaire and tampon use diary. The questionnaire and diary data indicated consistently positive assessments of both study tampons, although there was a more favorable overall product rating for the experimental tampon (p = 0.003) (data not shown). When assessing the experimental tampon, 92% of colposcopy subjects and 91% of microbiology subjects rated it as good to excellent overall, with positive to neutral comfort ratings given by 94% of the colposcopy subjects and 100% of the microbiology subjects. These results are similar to the 88 and 89% of good to excellent overall ratings and 94 and 95% of positive to neutral comfort ratings given to the control tampon in the colposcopy and microbiology groups, respectively. There were equivalent (p ≥ 0.982) low incidences of reported menstrual-related symptoms such as discomfort during insertion, wear or removal (≤ 12.4%), and vaginal symptoms such as burning, stinging or itching (≤ 1.7%).
DISCUSSION
Menstrual tampons have been widely marketed for over 60 years and are currently used by up to 50% of menstruating women in industrialized countries 8 . In addition to this long history of use and acceptance, the safety of tampons has been documented over the years in clinical studies [9] [10] [11] . Although the parameters examined in these studies have varied, they have generally included assessment of potential changes in the microflora of the vagina and/or possible mechanical irritation effects associated with tampon use. This report is Table 5 Gynecological assessment summary for microbiology and colposcopy groups the first of its kind to combine gynecologic, microbiological and diary assessment methods to evaluate the safety of tampon use.
More recently, as new tampons have been developed, studies have been conducted to compare the safety profiles of various tampons, with comparisons being made between tampons made of different absorbent materials and/or tampons with different degrees of absorbency 8, [12] [13] [14] [15] . This was the central purpose of this study, namely to compare the safety of a currently marketed tampon (Tampax  super-absorbency tampon) with a newly designed tampon with the same absorbency capability. As part of an ongoing research and product development effort, the present study was designed both to ascertain the safety-in-use profile of the new tampon and to contribute to the body of knowledge and understanding of vaginal health and tampon use.
Our primary goal was to compare a new tampon shape, absorbent braid and plastic applicator with those of a tampon with an established history of use. To achieve this, we designed a single-blind, crossover, clinical safety-in-use study in which each woman served as her own control. In order to ensure a realistic scenario, subjects were required to be current users of superabsorbency tampons and were instructed to use the study products as they would use their normal menstrual protection. Microbiological and colposcopic examinations were performed, with each subject assigned to either the microbiological or colposcopic group. In addition, two gynecological examinations per subject (including measurement of vaginal pH and assessment of vaginal discharge) were performed. Microbiological parameters included the prevalence and mean counts of four species (S. aureus, C. albicans, group B streptococci and E. coli), and colposcopy examination included assessment of erythema, abrasion and ulceration at six anatomical sites (perineum, vulva, introitus, vaginal walls, vaginal fornices and cervix).
The average tampon wear time in this study (5.1-5.5 hours) is consistent with the results obtained from consumer test studies using the same tampons in which the average tampon wear time was 5.2 hours for both control and experimental products (unpublished data).
The crossover comparisons of all microbial parameters in this study indicated that there were no statistically significant differences between the experimental and control tampon. The microbiology assessments of 34 subjects indicated a similar prevalence of the four individual species assessed. Similarly, mean log 10 counts were also consistent between the two study arms. As such, these findings with regard to comparison of the effect of two different designs of tampons using similar fibers are consistent with previous studies which have found that tampon use has little effect on the vaginal microflora 9, [12] [13] [14] [15] . The prevalence figures of S. aureus, E. coli and Group B streptococci in positive cases (Table 3) were similar to the values found in the published literature on tampon users 9, [16] [17] [18] [19] , but the prevalence of C. albicans in this study (3-6%) is lower than previously reported values (11-19%) 9, 17 . Crossover comparison of visual parameters as assessed by the colposcopic examination of 76 subjects in this study also revealed no statistically significant differences in the incidence of lower genital tract irritation between the two tampons, as recorded by erythema and subjective data. Although mild erythema was frequently present, abrasion or ulceration were rare, and were seen in only two of the subjects. As in the published literature, our results showed that erythema or other minor vaginal irritation is not uncommon, and in fact has also been shown to occur in women who use external sanitary protection 20 . The rare incidence of more serious effects, such as ulceration, is similarly consistent with other studies of normal menstrual use of tampons which found ulceration as an uncommon type of lesion [20] [21] [22] . There have been few studies that have compared productrelated irritation between different tampons 8 , as most of the published literature has dealt with ulceration associated with non-typical tampon use, including daily use of super-absorbent products for many months 23, 24 . However, our results confirm those of studies of tampons in normal menstrual use, which have generally found no significant differences in irritation between different tampon fibers or absorbency levels 15, 20, 21 . There were no differences in vaginal pH between users of the experimental and control
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tampon in either the microbiology or colposcopy group. The higher mean pH for the microbiology group compared with the colposcopy group is probably due to the different days during the menstrual cycle when the measurements were obtained. The microbiology group measurements were made on either day 3 or day 4 of each menstrual period, and the colposcopy group measurements were made 1 to 2 days after each menstrual period. The pH of the vagina is higher (i.e. less acidic) during menstruation, probably due to the alkalinity of the blood that is present 25 , and our results are consistent with previously reported values of vaginal pH during and after menstruation 26 .
The results of the tampon use diaries and monthly questionnaires that were used to assess additional safety-related end points such as burning, stinging or itching revealed no subjective evidence of vaginal effects due to use of either the control or experimental tampon.
In conclusion, the data obtained from this crossover study demonstrate that normal menstrual use of the new chevron-shaped tampon with absorbent braid and plastic applicator is unlikely to have an adverse effect on vaginal health. The colposcopic, microbiological and diary records that were used to evaluate objectively and subjectively vaginal condition during tampon use provide a sensitive and thorough method for comparing the safety of different tampon designs.
